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INTRODUCTION 


This application note provides information that can be 
used in the design of a general purpose frequency counter 
which utilizes an M6805 HMOS/M146805 CMOS family 
MCU. 

With the advent of microprocessors (MPUs) and 
microcomputers (MCUs) it is possible to design an advanced 
frequency counter in which an MPU or MCU controls 
various complex functions. The following describes a 
microcomputer controlled frequency counter. 

A small MCU, such as the MC6805P2, can be used for 
gate timing of external counters which are used to ac- 
cumulate the actual frequency. These counters are read by 
the MCU and then displayed accordingly. In most cases, the 
MCU is too slow to count frequencies greater than 100 kHz 
by itself; i.e., without external counters. This application 
note describes the external counter interface, and provides 
the software necessary to provide a low-cost frequency 
counter. 


BASIC FREQUENCY COUNTER OPERATION 


Basically, a frequency counter is a simple device in which 
the incoming signal is applied to binary coded decimal (BCD) 
counters which are gated through an external time base. The 
output of the BCD counters are then fed via latches and 
decoders to drive the standard 7-segment displays as shown 
in Figure 1. The gate time (i.e., 10 milliseconds, one milli- 
second, etc.) is actually the frequency determing source, 
since the input frequency is only counted during this gate 
time period. The more stable and accurate the gate time 
signal is, the more accurate the entire frequency counter will 
be. 
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In a frequency counter which utilizes an M6805 
HMOS/M146805 CMOS family MCU, the gate time can be 
calculated either by the internal timer or by a software timing 
loop. In either case, accuracy in generating the gate time 
determines the accuracy of the frequency counter. At the end 
of the gate time, the MCU reads the BCD data presented to it 
by the SN74LS390 decade counters (shown connected in 
Figure 2) on the PAO-PA7 and PBO-PB7 lines. After the data 
is read by the MCU, it is applied serially to an MC14499 LED 
driver. This device accepts serial data from the MCU and 
drives up to four common-cathode 7-segment displays. The 
multiplexing frequency of the MC14499 is determined by an 
external capacitor connection (see Figure 2). The only other 
external components required for the display are eight cur- 
rent limiting resistors and four transistors. 


HARDWARE 


Refer to Figure 2. Transistors Ql and Q2 amplify and 
shape the incoming signal before it is applied to one input of 
a SN74LS00 NAND gate. When the second input to this gate 
(E, enable) is low, all clock transitions are prevented from 
being applied to the SN74LS390 counters. As shown in 
Figure 2, the actual MCU used is an MC68705P3 EPROM 
MCU which emulates the MC6805P2. The SN74LS390 
counters are connected in a BCD configuration and the 
4-digit BCD output is applied to the MC68705P3 A and B 
ports. The 4-digit, 7-segment display will only show the 
100 kHz, 10 kHz, 1 kHz, and 100 Hz digits of the incoming 
signal. An example of the display generated for a 
1.234567 MHz incoming signal is shown below. Note that 
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the megahertz digit is missing from the display, and that the 
0-99 digits are also missing. Thus, the actual display would be 
as shown below: 
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1.234567 MHz Displayed as 2345 


If the full frequency display is required, additional 
SN74LS390 counters and I/O pins are required in addition to 
the extra displays. Alternately, three-state multiplexers could 
be used to reduce the required number of I/O pins. By 
changing the gate time width, the 4-digit display window can 
be shifted. For example, with a one millisecond gate time, the 
display would be 1234 representing 1.234XXX MHz. In 
many applications, a 4-digit display is sufficient to provide 
the required accuracy. A radio set which displays only the 
100 kHz, 10 kHz, 1 kHz, and 100 Hz digits would be a 
specific example of this type of counter. 


ACCURACY 


As in most counters, accuracy is determined by the quality 
of the time base. In this application, a crystal plus a trimmer 
capacitor determines both the operating frequency of the 
MCU and the gate time. The internal timer or software tim- 
ing loop is the coarse gate-time adjustment, and the external 
crystal trimmer capacitor provides the fine adjustment. To 
calibrate the counter, provide a known high frequency signal 
(one that is above the frequency for which the frequency 
counter will be used) and adjust the crystal trimmer capacitor 
until the display (controlled by the MCU) matches the fre- 
quency of the known input signal. In this manner, the trim- 
mer capacitor compensates for frequency variations of the 
crystal plus phase delays introduced by the internal divide- 
by-four circuit of the MCU. Do not try to count the time 
base by measuring one of the crystal pins. Even an extra load 
of 5 pF is sufficient to shift the time base frequency and 
degrade the accuracy of the counter. 


SOFTWARE 


The actual software required for this application note is 
relatively simple. For example, the MC68705P3 contains 
1.8K of EPROM and the MC6805P2 contains over 1K of 
ROM; however, only about 256 bytes of ROM are required 
for the frequency counter display program. A flowchart for 
the counter routine is shown in Figure 3 and the program 
listing follows the figure. The software shown does not pro- 
vide for any type of least-significant-digit flicker reduction; 
however, this could be accomplished by averaging eight 
readings of the frequency, then dividing this average by eight 
(+2, +2, +2). 

To program the MC68705P3, refer to Motorola applica- 
tion note AN-857 for detailed instructions. 

By using one of the M6805 HMOS/M146805 CMOS fami- 
ly devices which contains more I/O lines than required for 
the frequency counter, other functions could be provided by 
the MCU. This could include VOM type functions if the 
MC6805R2 (A/D included) were used. 
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FIGURE 3 — Flowchart for Basic Frequency Counter 
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PAGE 002 SMPLCTR .SA:0 CNTR 
00059A OOAC B6 00 A LDA PORTA Cer 1S DreiTs 
00060A OOAE B7 40 A STA SAVEA > 

00061 * 

00062A OOBO B6 01 A LDA PORTB CET MG DIcTTsS 
00063A O0OB2 B7 41 A STA SAVEB 

00064 * 

00065 * SEND OUT DATA NOW 

00066 * 

00067A OOB4 15 02 A SNDDTA BCLR 2,PORTC ENABLE = 0 
00068A O00B6 10 02 A BSET 0,PORTC CLOCK = 1 
00069 | x 

00070A OOB8 AE 05 A LDX #805 NUMBER TO ROTATE 
00071A OOBA A6 20 A LDA #520 DECIMAL POINT HERE 
00072A OOBC AD OF G0CC BSR CLOCK1 

00073 * 

00074A OOBE B6 41 A LDA SAVEB GET LSBS FIRST 
00075A O00CO AD 08 OOCA BSR CLOCK 

00076 * 

00077A 00C2 B6 40 A LDA SAVEA NOW MSB 

00078A 00C4 AD 04 OOCA BSR CLOCK 

00079 * 

O0080A 00C6 14 02 A BSET  2,PORTC NOW ENABLE IT 
00081 * 

00082A 00C8 20 BE 0088 BRA CONTIN CONTINUE COUNTING 
00083 * 

00084 * . 

00085A OOCA AE 08 RCLOCK Dx #508 

00086A 00CC 49 CLOCK! ROLA 

00087A OOCD 24 OA O0D9 BCC ZERO 

00088A OOCF 12 02 A BSET  1,PORTC 

O0089A OOD1 11 02 A CLOCK2 BCLR 0,PORTC SHIFT IN ONE BIT 
00090A 00D3 10 02 A BSET  0,PORTC 

00091A O0D5 5A DECX 

00092A O0D6 26 F4 OOCC BNE CLOCK1 

00093A OOD8 81 RTS 

00094 _ 

00095A 00D9 13 02 A ZERO  BCLR  1,PORTC MAKE A ZERO 
00096A OODB 20 F4 OOD BRA | CLOCK2 GO CLOCK IT 
00097 x 

00098 * 

00099 * RESTART VECTORS 

00100 x 

00101 x 

00102A O7F8 ORG S7F8 

00103 * 

00104A O7F8 0080 A TIMER FDB START 

00105A O7FA 0080 A EXTINT FDB START 

00106A O7FC 0080 A SWLINT FDB START 

O00107A O7FE 0080 A RESET FDB START 

00108 x 

00109 END 
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